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Effect - of Nitrogen Source on Nodulation. Nitrogen Fixation

and Mineral Content of Soybean in Solution Culture

R, ANTONY JOSEPH'

The Icﬂnr.t of concentration and source of added nitrogen  (NH, and NO.) on
nodulation, nitregen fixation, yleld and content of M, F. K. Ca and Mg of soybean
(Glyeine max (L) Merr.cv.Amsoy) ware studied in nutrient solution medium, Nodulation
and nitrogen fixation were sovercly suppressed by the addition of nitrogen source either
MH, or NO.. The degree of suppression was more pronounced in the presense of MO
than NH. and the reduction of
at later stages of soybean growth. Addition of NH, decreased the dry weight of roots

noduelation and nitrogen fixalion was more intensified
whereas NO; increased it and the production of tops followed the same pottarn for

ihe two forms ol nitrogen studied.
solulion. N and P contents were found 1o increase in the roots and shoots while there

By the increase of NH, concentration in nutrient

was a reduction in the content of K, Ca and Mg, Unlike NH,. NOy increased the uptake

of cations ‘as wall,

Fixation of nitrogen by systems ol
root nodules of lequmes is guantita-
tively one of the most ‘important ways
in which atmospheric nitrogen enters
the biosphere. Soybean is capable
of utilising the nitrogen from two
sources: (1) from air (symbiotic fixa-
tion), (2) from soil (primarily nitrate),
Symbiotic nitrogen fixation occurs in
the root nodule bacterium, Rhizobium
Japonicum, with soybean roots,

[t has been observed that many
strains of Rhizobium could not
effect proper nodulation in many legu-
mes such as cowpeas and vetch (Gib-
son and Nutman, 1850), clovers (Gib-
son, 1966), " peas (Moustafa et al.,
1969) and lucerne (Munns, 1968)in
the presence of combined nitrogen.

Concentration of nitrogen as low as
0.5 mM may delay the nodulation
when present as No, but has no effect
when present as MNH,, asparagine or
urea (Gibson, 1966). The depressive
effect of combined nitrocen on nodu-
lation and nitrogen fixation by soybean
is yet to be clearly elucidated. Accor-
dingly, the present investigation was
undertaken to determine the inhibitory
effect of form and dose of combined
nitrogen when applied directly in the
root zone, The effect of NH, and NO,
on growth and mineral content of
soybean was also studied.

MATERIALS AND METHODS

Seeds of soybean (Glycine max
(L.) Merr. c.v. Amsoy) were surface
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sterilised by shaking for 20 minutes,
in 3 per cent H.0, containinga drop
of delergent, rinsed and aerated
in dilute calcium sulfate solution
(Ca, 8 ppm) for 6 hours and sown in
controlled environment at 26°C. After
5 days, uniform healthy seedlings
were placed in plant support discs and
positioned in plastic pots of 3 litre
capacity which contained the nutrient
solution of the following composition:
Ammonium and nitrate concentrations
were varied from 1 to 20 ppm added in
the form of (NH, ), SO, and Ca (NO,).
4 H,O respectively. The concent-
ration of other nutrients was {in ppm)
KH, PO, 1, KCI 20, CaCl,, 2 H.0 10,
MgSO,. 7H.O0 2 and Fe (EDTA) Na 1.
Micronutrients were supplied in the
form of Hoagland A-Z solution to the
amount of 1 mi/litre of nutrient solution.
The nutrient solution was continuously
aerated and renewed every day in order
to maintain the nutrient concentrations
as stable as possible. The oM of the

nutrient solution was maintained at
6.5 (Lie, 1969),
Ten days after germination, the

seedlings were inoculated with Bhizo-
bium japonicum strain No. 315, B.3.
(obtained from the Station de Phyto-
pathologie, Gembloux, Belgium) by
suspending a 5 days old culture in 50
mi of sterile water and Tml of the
resulting suspension was added to
each pot (Lie.,, 1269). The plants were
grown-in a phytotron with day and
night temperatures of 26 and 20°C res-
pectively with a day period of 13 hours.
Relative humidity was maintained at 75
per cent and the light intensity 16 K lux.
Counting of the number of nodules was
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started from 5thday of inoculation till
thetime of harvest viz. 45 days. The
experiment was replicated four times
and the results are the means.

At the time of harvest, the nodules
were detached carefully from the roots,
rinsed with distilled water several
times, dried at 105°C for 36 hours and
the dry weight was recorded. Roots
and shoots of the plants separated,
dried and the dry weight was recorded.
Total nitrogen in nodule and plant
material was determined by the con-
ventional micro Kjeldahl method. Rep-
resentative samples of the plant mate-
rial were digested in 10:1:4 mixture of
nitric, sulphuric and perchloric acid
respectively. Potassium, Ca and Mg
were determined by atomic absorption
spectrophotometer. Phosphorus con-
tent was analysed by molybdophos-
phoric blue colour method.

RESULTS

The effect of NH, and No, on the
number of root nodules is shown in
Table | and Il respectively, at different
stages of plant growth after inoculation.
Picmentation of nodules was not
observed and all the nodules were uni-
form in colour and size, but those
from conirol plants were bigger than
the treated ones. Most of the nodules
were concentrated around the tap root
just below the rim of the roots and
only few nodules were observed on the
lateral roots, The number of nodules
gradually decreased as the nitrogen
concentration either NH, or NO, was
increased in the nutrient solution. The
control plants registered the maximum
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TABLE I, Effect of NH, concentration an the number of root nodules in soybean,

N SODURCE ON NODULATION OF SOYBEAN

increased in the nutrient solution. The
plants witkout nitrogen source fixed
more nitrogen than the plants supp-

]

Mo. /8 plants
_N:Hi' f Days efter incculation
(ppm) 5 10 16 20 25 30 35
0 21 43 61 g5 180 302 363
1 17 34 50 76 148 198 213
3 1 23 45 71 102 156 178
5 9 19 38 60 88 135 156
7 7 17 33 56 74 122 145
10 6 15 29 46 68 118 133
15 5 1 21 38 52 109 114
20 3 9 14 25 28 89 102
SE 0.28 0.55 0.74 0.97 2.51 3.27 3,98
LSD P=0.05 0.61 1.16 1,53 2.0 5.30 6.81 a.28
P=0.0) 0.83 1.58 2.08 2.73 7.10 9.27 11.27
TABLE ll.  Effect of NO: concentraiion on the number of root nodules in soybean. Mo f5 plants
MO Days afler Inooulation
{ppm) 5 10 15 20 25 a0 35
0 21 43 61 85 190 302 363
1 14 30 36 49 78 87 115
3 g 20 32 41 53 78 g9
5 7 .16 25 29 39 61 75
7 7 14 23 27 12 60 66
10 5 11 20 24 a4 49 55
15 3 9 16 21 26 38 43
20 2 G 8 11 18 27 30
. GE 0.30 0.58 0.76 1.08 2.68 4.23 513
LSD P=0.05 0.62 1,22 1.59 2.28 5.58 8.79 10.67
P=0.01 0.84 1.66 2.16 3.10 7.59 11.97 14.52
number of nodules. The depressive
effect of nitrogen cn nodulation was r
more pronounced as the age of the | i
plants advanced and the inhibitory Eh“’j'm 4D,
eifect has been exhibited more clearly E‘m.\
when nitrate was present. 3w \
The amount of nitrogen fixed FR T - <
symbiotically at 35 days after inocu- E r_;l R{ 'R'—“‘*-::hm
lation is presented in Fig. 1.1tis seen : . \ ;
A —— 0 1% T
that the efficacy of nitrogen fixation R i -
decreased as the quantum of nitrogen Fig. 1. Effect of NH, and NO; on the lixation

of nitrogen by roetl nodules,

lied with nitrogen. The magnitude of
nitrogen fixation was 536 mg/ 5
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plants in the absence of nitrogen and
0.87 and 0,65 mg/ & plants in the
presence of 20 ppm of NH, and NO.
respectively, Dry weight of nodule
decreased with increase in nitrogen
concentration (Fig. 2).
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Fig. 2, Effect of NH, and NO; on the dry
weight of rool nodules.

Itis evident from the Fig. 3 that
the presence of NO. in the nutrient
solution gradually increased the root
dry weight. But the presence of NH,
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Fig, 3. Effect of NH, and NO, on the growth
ol soybean plants.

in the root medium depressed the root
development and consequently the dry
weight reduced. There was no siani-
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ficant dilference in the shoot growth
due Lo the differenl sources of nitrogen
excepl at low concentrations: Maxi-
mum total dry matter was recorded at
10 and 15 ppm of NH, and NO, res-
pectively.

Tables 1l and IV show ' the elfect
of diiferent concentrations and sources
of nitrogen on the content of N,PX,
Ca and Mg in root and shoot of soy-
bean plants. In general, the concent-
rations of these” elements in the plants
grown under different nitrogen regimes
were comparable with increased con-
centraticn of NH, in the root medium
Nitrogen and P increased both in roots
and shoots and K, Ca and Mg increased
upto 5 ppm and then decreased. Though
the concentrations of N and P were
increased with increase in NO,, the
magnitude was not on par with NH,.
In contrast to NH,, the presence of
NO, in the rooting medium increased
the concentration of cations in both
root and shoot of soybean plants.

DISCUSSION

From the results obtained it is evi-
dent that nitrogen either as NH, or
NO, suppressed the nodulation and
nitrogen fixation in soybean plants
grown in nutrient solution. Disconti-
nuous production of nodules in suces-
sive crops has been noted previousiy
in soybean (Bergersen, 1958). It is
probably related 1o the mare frequently
described “short-term situation' where
nodules appear at a rate-which is initi-
ally rapid then falling sharply (Nut-
man, 1962; Munns, 1968) and the
fall in the rate of nodule formation has
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TABLE 111, Effect of NH, on the content of nutrient slements in soybean plants
(par cent on dry weight basis)
. _ N P K Ca Mo
NH, (ppm) —— LI b A o mi e ciiiE Eanad
. Root Shoot Root  Shoot Root Shoot Root Shoot Root Shoat
0 2.78 3.22 0.18 025 2.08 213 0.30 0.54 0.19 0.47
1 3.37 3.48 0.19 .26 1.12 2.28 0.32 0.55 0,19 048
3 3.56 a18 0.20 0.27 2.29 2.43 0.37 0.60 0.20 0.48
5 3.94 4.28 0.21 0.28 2.28 2.52 0.39 0.61 0.21 049
7 £.10 443 0.21 0,28 2,28 - 2.48 0.4 0.59 0,20 0.48
30 4.23 4,69 .21 0.29 2.5 2.40 0.28 0.58 018 0.45
15 4.38 4.97 0.22 0.31 1.3 2.33 0.36 0.56 016 0.45
20 4,76 5.12 0.23 0.32 1.07 2.20 0.32 0.53 0.12 0.43
. SE 0.03 0.04 0.0 0.0017 0.04 0.0 0.002 0007 0,001 0.001
LsD P=0.05_ 0.06 0.08 0.01 0.003 0.07 0.01 0.004 0.002 0.003 0.002
P=0.01 0.08 0.117 -~ D02 0.004 0.09 0.04 0.01 0.003 0.004 0.003
TABLE V. Effect of NOy on the contant of nutrient elements in soybean plants
’ {per cent on dry weight basis)
' P Ca Mg
MO (ppm] e o e r
Root - Shoot Root Shoot Root Shoot Root Shoaot Root Shoot
o 278 3.22 019 0.25 2.08 2.13 0,30 0.54 0.19 0.47
1 2.53 3.29 .09 0.22 3.08 2.40 0.27 0.25 0.08 0.45
3 2.686 3.28 0.10 0,23 3.58 2.56 0.28 .51 0.09 0,44
5 2.86 3.32 0.10 0.25 3.89 2.79 0.29 0.52 0,08 0.44
7 2.97 3.52 0.10 0.25 4.18 2.84 . 0.30 0.54 0.0% 0.43
10 308 "3 .11 0.26 4.24 3.m 0.32 0.67 0.058 0,47
i8 3.20 3.50 0.11 0.26 4.32 3.22 0.32 0.58 0,10 0.48
0 3.24 3.85 0.12 0.28 4.41 3.31 0.33 .59 0.10 0.48
SE 0.026 0.047 0.001 0.006 0.032 0,018 00017 0002 0002 0,007
LD P=0.05 0.055 0,098 0.003 0,012 0080 0,037 0.002 0.004 0.003 0.002
P=0.01-0.075 0.132 0.004 0,018 0.108 0.080 0.002 @005 0.002 0.007

been attributed to the first established
nodules restraining further nodulation.
In the present investigation also the
formation of nodules become less at
later stages of plant growth.

Large amounts of combined nitro-
agen, in excess of those likely to be
presenl naturally in soils, are expect-
ed to suppress the nodule develop-
ment, Bjorkman (1942) grew alders
in a humus-sand mixture and observed
that inthe presence of 100mg of ammo-

nium nitrate per litre of the culture
solution, the volume of nodules fermec
was reduced from 33 cu. mm per plant
(the value with no added nitrogen) to 15
cu. mm. Nodulation was almost com-
pletely suppressed in the presence of
200 mg nitrogen per litre and above,
Quispel (1954) reported that after 7
weeks growth, a8 level of approxima-
tely 5mg of NH;-N per litre was
found to have reduced the dry wei-
oght of nodules per plant to hailfl while
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50 mg completely suppressed nodula-
iion in Alnus plants. It is interesting
to note that addition of 5 mg of NH,
of NO, caused about 509 reduction
in the number and dry weight of
nodules when compared to the treat-
ments without nitrogen source. The
results observed in this study are in
good agreement with the findings of
Moustafa et &/, (1969) and Hoglund
(1973).

It could be seen from Fig. 3 that
NH, decreased the dry weight of root
but NO, on the contrary increased it,
Cox and Reisenauer (1973) reported
that NH, at a concentration of 80-100
WM produced symptoms of incipient
NH, toxicity in wheat. In the present
investigation, only the root deveiop-
ment was affected by the addition of
NH, and this may be due to the effect
of NH, on respiration (Gibson 1966)
or due to the interaction of NH, and
K in their role in the physiology of
the roots (Barker et a/. 1966). Our
previous study (Joseph &t al/., 1976)
has aiso revealed the depressive effect
of NH, on root development in soy-
bean plants. Most of the plants tole-
rate a large excess of NQ, and accu-
mulate it within their tissues (Cox
and Reisenauver, 1973) and this may
be the reason why the root development
of the plants supplied with NO, was
not affected in the present study,.

The effect of NH, on N and P
content is comparable with the results
of Cox and Reisenauer (1973), where
the content of N, P and S increased
poth in tops and roots of wheat as
the NH, concentration increased in the
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nutrient solution and at the same time
K, Ca and Mg content' decreased.
Bouma (1970) suggested that the de-
cline in P content during nitrogen
stress was at least partly related to
a decline in chlorophyll content. The
decrease of cations with the increase
in NH, in the nutrient solution is also
comparable with the results of Cox
and Reisenauer (1973), With the in-
crease in NO,, cation concentration
increased in both shoots and roots.
The NH, induced increase in intake of
anions, with concomitant reduction in
cation adsorption, is in agreement
with the findings of Harada er s/,
(1968) and Joseph (1976). This effect
is generally considered to be the result
of stimulated anion intake in response
to an overall increase in cations (largely
NH,) intake. The total N content in the
plant parts was greater when NH, is
added rather than NO,. Similar results
have also been reported by Bouma
(1970).

The author is grateful to Pro-
fessor H. Laudelout, Department of
Soil Science, for providing necessary
facilities and to the Scholarship Com-
mittee of the university for the finan-
cial support during the course of this
investigation. Thanks are also due to
Dr. Tang Van Hai for helpful discussions.
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